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The subject invention provides materials and methods for remediating soil and/or water which has been 
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invention provides fern plants which accumulate arsenic from contaminated soils. The fern plants 
efficiently remove arsenic from the soil. The fern plants can be harvested and readily disposed of, or can 
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(1***3 1 ureffftKa^ ts*7cig, avy^#***tf- 
[f&*S4] irlB^«^\ t3&, y tu=i?A, A, •* 

1 KlEfW>:/n-fc*. 

[m*« 5 ] Dtre^ftfra^ < 1 1 1 oo#BMk^»atF««fl2^ 
[1***7] gretMr*'* ±*T?*5^t*4*«fc-f<5ffli*«6iie« 

If*** 8] #n&4t)ff^. *Sffl«JT?fe5rt^#«t1-5fil*«6(i8B 

[1***10] ffilBftjra'. *-e35 5ri£#&i1-3f»**6lcfE« 
[f***l 1] t*#, IHIM*<-*fcLT:feJ:* 1 0 Omg/k g 

£i§ *. * *-efre«»i> icsa-r 5 r t t -r at*** 2 kb*® -t * 

p 

[S**12] tfas, RiM*-<-*fcl.T*iJ;-t 1 0 0 Omg/k 
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b^5, SiliX-xiatfci-t 1 0 0 0 Omg/ 
[»M15] *flIB«^i*lcSai-5fc^oWIESa^, «f!Et|g*5® 

•9 ^iiSflfllB^Kf rogllEt mm&wpK < t i>m 1 o oirc&s r t 

t-r zmxmi 4 lemma?***. 

*5«fc* 5 Omg/k g V^&SrWRirl-SlllJMU 8lC|B«wya-fe^ 

o 

M2o] ^iet^5i"9^n5itna«)®i j ©*iHEt^s^s, 

tJi^rl O0mg/k g J:9*tv^i:«:*r*i:1-3flMt«l 8lcfB«(0^nir 
'M<H«S)5 0 0mg/kg r £ »#* 1 8 lC|2«<D^n 
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46«fc*l OOOmg/kg£0*£V^i£#$fc-r3W*Sl 8l£fE«<D:/n 

5 r t t -t a »** i \ct&m<D7 p * * . 

hi** 2 4 ] < t i oroKsijsm, Rt*ia«ia 

[Iff** 2 5] WB^#W*©«nE-«B^*S, * (leaf) , H (fr 
ond) „ S.U : «/!)^^5-S¥«t93ltRl§^5ri:^#mt1-5ff*«2 3 (C|5« 

[ft*«2 6] fllE->y«^lWME-^^BlJE* (fronds) ffcSI 
t 1 1 5 2 5 {C|H*W7°n -fe* 0 

[»#Jf 2 7] «IB^^*»*sPteridaceae»-ejb5ikS:«f*i:i-S 

[f»3ft3S2 8 ] «HB->y«^^AdiantaceaeJS"Cfc5 r t ZteWk-tZ 

[f»*«2 9] |fllEV^aWA.raddianum-Cfe5r t5r#8i:ft5ft 

3 0»CiBft£>:/n-fe*o 

{W**3 2] «HB^*««SP.parkerii-e*>5r.i:S:»«ti-5»* 
3S3 OlilS^OT'n-fe^.,, 

|»*53 3] «[|BV^«^^P.albolineataT*)5rtSr«f«i:-f5 

[IS**3 4] fflE'>^««*P.vittata-e«>ar 
* 3 0\cWM<D7u±?. o 
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*"SltcfE*©:/n-tr* 0 

[»**3 9] itre*n***ft u#6ph rttwii: raw 

[ffiM4 0] fljB^ICa 5 6. 5ct9^#v^pHSr#1-5ii«r#®t 

Ofcfi*©:/n-fc*. 

[fg*K4 2] J»CpH!i«8. 5±9*#V^t*W»t+*lll**4 

[»*«4 3] iwa^nir^^ XKiirB&SMMtrvaH-sBft-c. 
[tt*94 4] m&mmtmK phis, 

* u- Hfc£fcfr£tf-» J: 0 SftiSilS - i fci-4»**4 3 ICE* 
©yn-fc* 0 

[1***4 5] WIEpHPSdS, Kn-r-f K iflWK, IMk* 

i¥i 9S^$ti5C t £*H8i:-rS§it#f 4 4 KB*©:/n-fc* 0 

[Mf*«4 6] WB^V-h*, EDTA, DTPA, NTA, 9 

in *«4 7 ] atiiE'&fCJ; ©«nB&ft*©ttBJfe£tf. sucwe** 
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4 9tc!E«<z>:/i3-fe*. 

^««©HB^«*1[*^-^T**< t tJ»l 0 Omg/k g©t*«fe«r 
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' [000 1] 

5/g yOJMUktWtrttKBI'*-*. #tHKtt, *B«Hff#*09/47 1.566 (199m 
2^23 0) (D-Ummmm-Ch*) . #B#fF#-$!-60/129,203 (1999 W MB) K> 

[0 0 0 2] 

(Hf*ttflf) 

*»Sfc«RT?*)5. ±«^^tt^Jx.«jg^5.U t *«-toa (wood treatments) <fc 
[0 0 0 3] 

vJ»/tm*tt®feM7vtx (CCA) i LTfcbftT^£*»{£#^i: 

6oomg/kgin*v\ ±*K*rt*Aaittftjia©*Bri, o. i~4 0 

mg/k g-efcotWl!i5~6mg/k gtfc5. 7 n JJ ^CD±ig(£;&tt 
-St^OAMW^tittO. 0 1~5 0. 6mg/kgtfc5. 
[0 0 0 4] 

^if(o±*^i^^T, t iff n t mmwMmz&&te 1 o-e&sj: 5 4#< 
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y^oKflswi (-3, o, +3, R.v+5) *titm*#&w> 
<DG®x.vwm&® & » s tia a . *s«nc » 7 ~ 9 ©as ^ P h © 

ST. ±««f©tSRHi±i:LT«x.tfAs0 2 - 1 , As0 4 -3 . HAs0 4 
~ 2 , JkVH z AsO 4 -*<D&bte&VmitT=.*VKs (V) (6 
pHRlH£Eh©±*fc:iHvC\ ±*fc*0»»ttiEfc»ja (H 3 As0 3 ) -c 

[0 0 0 5] 

«ttK*v 2 # a -e* a. fttt t © t sn«t»#©»iro*— ^ a 

[0 0 0 6] 

fc*££*#3 0 Jfto*>©«^«tt, 4a<fe<OiaffitflS^«t *> _b<0SP^-(diS>v^-CSSV^ 
fc*fc*Srt-3i&*JfcBEWL-CSfc. 35t#^*fc»tta*ft©»4. 2. 6 
%*-C©t^§r^-r5±*<t!3 3460mg/k g*T?©t^$r^acr 516^3 
£^5. SUwa^-ett^^^^^ftttS l 0 0 Omg/k gWtjjf £-C©g 
8i^fT5Tp' i; * h#1fI7 7, tPseudotsuga menziesii©!E;fj£IEIM L"C t T 
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[0 0 0 7] 

1*1] 



wbMz.t£z>m<&\z.&ix. m*ft&w&mi>m%£tix%tz e tmxm&zti 

tcmi&Z&W-fZfzZXDjjm}^ in situ&T/ex sitirC®# £fc$*ftg 
[0 0 0 8] 

yfi/ayK£?>h<DXhZ><, 7x4 hxtW-V-isayX, J: 5 

igt-kRVB. K i 5 g£ £$'J> $ ** fc* tc <t 5 gg&tfiST "CU** 5 



M-v (snap pea), -r-fTtf-V, 
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[0 0 0 9] 

«f$-£5 <fc 5 l:IS^Ttfc. fl*. tf#B4*fFSS5. 364, 451-^Xtf«5, 711, 784 
[0 0 10] 

o 

[00 11] 
[0 0 12] 
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[0 0 13] 

deu-h^J, ifi^y^7 5yE3fti (edta) #^e>ft£itfn;:-3iFflK!lt 

o-cfs»*iifcdb«K*v^wcb*ifc. -awn. &L^mmcmz.tz®. « 

[0 0 14] 

o»»««r*JP*-e:5*:i!>KHt*Al h ^©E DT Atr&K fc -f5 t v n 5 r t * 
[0 0 15] 

[0016] 
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[0 0 1 7] 

ftSMMtis. rnjciae-fato-ettftv^i*. *wm&, as**, 

J6L*)m>tiMS. ti- 
ffin 6*t#5 ©-CiS-g-ra&v * d -Cfc 5. 
[0 0 18] 

36<£>#fe£rg#W _ 5o i£L<teChinese Ladder Brake fern (Pteris vittata)© 
[0 0 19] 

ttfc ft * WB#(5]1R $ CJ&ft £ ft 5„ *ftl£ £ o $ tl/fcffl AS© t & 

[0 0 2 0] 

[0 0 2 1 ] 

#»w©iEft3Bftxtffii;&Hu m&©#a*im«©»ito«fi!fi, wt©#j 

[0 0 2 2] 

(#gft*ife#i©iEi£) 
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[0 0 2 3] 

Ltchoxhtitf, ®**m&®mzm')fo<'<<m.m&ti:<t-hz.z.X'mm£ 
titcRmxisymmzm^ r t m®m%kv>>mm®% u< ammit 

©j;5WMftfcottj;< < wz.ti±m. mm®, mm®, %l<k&<d 

i 5£0#«L< fiMtt^ffii bT#ftL#5. ^3g^K:ttmtfjii£.&u t i&9 
igLro?&K\ =vfeK T*^5E> *J^^ 5glXtti?££;ftfc^ y- 

[0 0 2 4] 

»mftmmmc%^x, ^m<o^m^m^®wt~yym®t^f&^ 
srt, &u^« £ 9 tm*wm-tZ'<<m®(DtiiibicmLtc&ft<nnMTxm 

m^mzmm^ztzih\m®\zt^x+ftt£&ft-TxmftZftz>o m.®\mm 

[0 0 2 5] 

tig "wm n ~>ym®\*. i^L<im&<DUT\m<%&%no'<<zz. 
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(i i) 

[0 0 2 6] 

¥h b^Tft^B©****"*"*. Pteridales&tfAspidiales&tfPteridaceae 
x Adiantaceae, Aspleniaceae, Dryopteridaceae, 3£ 1301 eandraceac CO 
tr—0>*SPWhftZ. £^W*fc0ME3*t5. W*tWEE*Jl/fcJR»4, Adiantum, 
Asparagus, AspleniunK Cyrtomium, Didymochlacna, Dyropteris, Nephrolepis 
, Pteridium, RumohraSU^Pteris-Cfo^o Pteris^ttBrakei/^i: UTfeJbtl 
"CV*5 0 Pteris^O^ftJSWfc LTttP. mayii, P. parkerii, P. albo-linea 
ta, *fcP. vittatatf*fc5o 
[0 0 2 7] 

fcWSURf«"e*>5. S/^«K:S«-«*ffl«*§|*4: LT. #lx.tfLakela, Olga 
, Robert W. LongiC X fr^ Ferns of Florida, An Illustrated Manual and Ident 
ification Guide' [1976], Banyan Books, Miami, FU Jones, David L. O'Ency 
clopedia of Ferns* [1987], Lothian Publishing Company PTY LTD: Snyder, 
Jr. , Lloyd H. Xtfjames G. Brucetf>"Field Guide to the Ferns and Other Pte 
ridophytes of Georgia* [1986] The University of Georgia Pressd^a A 

[0 0 2 8] 

5r.t3JSWffit?S>5 : (b) tK*ftagroclinaticttR-C©**fc 
atf&U (c) ffi»a<0#*lc:*S;u (d) £S2, §fc««J*£j& XV 
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,v K*ft©ftaft <t o "cats s tit t i < , * itmmctk it s <t 5 j-j&w $ ti 

T?-?:0?ftfe«) t> WttPft-BrakeS^ffilfefc:** LTjgffl § ft 5 5. 

(«iHRJU;^9y^ » y®£*o£ 5 ft5R«HMtt«v»T 6 . 5 
J: 0**<46J: 3 a«tt4*M*Jltf**MfcH:, 
liN, P, K, Ca, Fe, Mn, RtfC u 0«t 5 ta 'bOfc-^A/'Cti «fc V\, Brak 

EDTA) , ^f-UVM>T$VSil« (DTPA) , HMJn=B» (NT 
A) , RUyflE, T**?yS>, Xtt*£* (MO ©± 

$fcifiaoW*flS*vCfcJ:V\ ( P H<6) &tfig»tf>£ (flEftftfcig 

[0 0 2 9] 

r r vmm s ft 5 s jtfcfla J: 0 1 sk ** 0 *< r, i: ic* v vc 

Shoseyou^cD^H^tf^-^e, 008, 092£#f§ LT1S# fcV \ Ifc:: Lfc 

*, t*o»9a*aa, »&©»*«-?& t>#s. &&f-tmfttm*.ti&m 
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[0 0 3 0] 

IWfcjfeSBMIfcfcVvC, *»Wttt*WBia^*«i«rli«-t*4. Braked 
(£) Xtf^tf GK) fcJHvCWUMk-CT. 5 0 0mg/kg 
«>t**"C*fc*ii%iH*.r»a$n5Cfc^W6!i»i:<to'Cv^. JMbiWffSE 
**VT*fc±*C»ttSfcJHji*ttl 9*»6>1 6 0 3mg/k g ©ISS:* "T^o 
r. © «t 5 fc£ $ itfc±*f t It US LTlfi^ffl^^^^r tPif£#J 

2 0 0»feWW-SW4K?Wt8. Sf-£©&^r<tK, ttfflO'/^I 

[0 0 3 1] 
[0 0 3 2] 

* © i 5 $ tifc t &£*T*&tt#38W©IBSffl £ fKtet 5 1 ©T*tt 

*©&»&, **s%w-£*> 5*?a**» zomamto® 

ifijfcBf&^e-CbdfegU * fc«*M«V t < lift* Ufc&iji© if % & 

Htt»8-i O0ft£«l<tt**iJ:9ift<-Ct>J:v'. *ftfl?£»K:iH*-C»1lt 
©aWfcffl-a'bw-CfeW*. "±«" i^5W^ s *ft&£v^S18©^tt£. 

[0 0 3 3] 
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m«!>aiX(t^flc«>b»M« ±«roa«, p h, ^rwt&^w*, 

[0 0 3 4] 

-Wfifc, »a*^*MWcJ:5liattai*'PK»fi1-4U'<^©l o om« 

*©/<>r t sUfcga-rs. t < 

r t*sHii-c*>s«)-c»a"c*s. L*»i^*offlaio«»-e*o-ct)ate«iK: 

lHWe*6. ^J^tf, H(leaf), X(fond)&tmi**'4WfeJ:9EMK3 
[0 0 3 5] 

Ot>lR*§n, ^<O±jftCDt^fiaii0. 5d»&7. 6mg/kgtfc5. ^ft 

bommn^ im±w*~rx) tints t s&»g»*i 2a»e> 6 4 mg/kg 

[0 0 3 6] 



-17- 



" [003 7] 

mUommztett Z> tm<0&t¥t3.. 0. 0 1«>f ) 5mg/kgT-&ot 1 TO 
1rZ>t2. 5mg/kgi45, ZO£ot£sRX\ *M©v'y»itioS 
tti 13 (DWg*®.Z> rt4<, ffif COffi^lWTO t Jttfc LT 3 0 0 0 fg<D t iff £ 
itoriJi, t*!jS||»*rBKl1-5'<<»*SI4:U"CfflV^bi|i"C#*: 

[0 0 3 8] 

ffl©fc»lr^lC«-g-<DfiV'«'b©-Cfe5 0 ^tbfc 0>'>^«fe (Pteris vittata) 

K#2 5-6 0 cmWgJfl 3-2 5 c m0>|f SMI *.fc±&3 0 - 
90 cmtf>£ (frond) *r««LTtJ:V\ *fcS/^«*tt. fcofclO0tW> 

[0 0 3 9] 

»»«Sll6«9t»V^T, *%WtezmZWm-$-%Chinese brake (Pte 
ris vittata) lC|t5. *>^ , /HSS»»S*t5±«i:«rt5 t *JMC«) I r t *Sti 
3 9 4mg/k g-CfcU, ^fci^S&tt 1 6 0 3mg/k g-?£>5„ ^> ^> 
St;*S»C»it5 SoWtt^ilrV^/WJ: t)SHLfcb^Sg©TOtt, ^435 
9, 1 8 2 4, 1 7 5 8mg/kg ($£*!«*) "Cfe 9 , * feSSi^ofc t IjlOjg 
SttJIf^ftS? 5 2 6mg/k g-Cfcofc. fc5$t»g<D¥^£SI- LT, i/ 

[0 0 4 0] 
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itu-Ctrt)^, 4 9WSESnfc*Ofc»tc<l(BWSr9J©»3f^i:5t9llfe< - iT'ex 

[004 1] 
[0 0 4 2] 

ft Six, fMs**t6*W*«*)«. 

[0 0 4 3] 

2 t ^^ftJtiT*« L < 14 jft«*©«Kk 

[0 0 4 4] 
[0 0 4 5] 

4 $BSU t t*d^»c:4o-C^ft$tvfc±*0^k 
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[0 0 4 6] 
[0 0 4 7] 

6 m&fcm 

Wvct J: v\ 

[0 0 4 8] 

7 &m&0>j&a 

^ymmmm&mt-rz^K » fc#-c»a!*ii«iBii»ft*-cM*iircfen 

[0 0 4 9] 

©4*trflBi**«'*<wip**vr'bJ:v\ ^ssnntHt, mmxncntou zti 

[0 0 5 0] 
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MMmatt, (P vittata) ^V^t^ii«77-f Ytfjx-i/a 

y^m-rio m4) 

mmm4]t, ^^itti^^micm^ztmwmm® (p vittata) cow 
ttomcm-tZo («5-8) 

^tt(Cgi1-S„ «9-10) 

mmm-tZo mi 2) 

o («13) 

^(DBrake^y«!fecD^|cBI1-5 0 «14) 

CDBrake^y^Wt^KW-f S 0 (Si 5) 

ltt, BrakeVyfit^^iSt^gacOgKD^ftS^ffiromSttlC 

[0 0 5 1] 

%mm 1 2 », Braked ymm^x ^>ccm sk±«<fc 9 w y yco^ai-ii-rs ( 

Stl 6-17) „ 

[0 0 5 2] 

mi_ mm<»®'&x.xm®M%T 

fc 0 ^Offijfi-C(4> 1 952¥it)1 96 2¥£f<DM, fc^Sgeft^l, tt&H 
, StF^nA^hy ^A«L<li^nAg?*y !?A(07k^t#tC, *£5 0 

iffi<0¥*Sig&{i, t|361mg/kg, ^DA138mg/kg, $fci6 7 
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* [00 5 3] 

±*S©#tt : -fy^tD^V V K (grid) IJ4 27y Vfuy Y (foot-plot 

*±9«»*n^*»W*»Sfc6liJa^S^fc. ±*tt£*«*£*t2. 0m 
mOTfref$<,>#tt£*U ^fflSftt^tdig-a-^HSo ±*OpHlil : 2±<$/ 
;fcit^"C2fe*l:£;h^ Fisher Scientific Accumet model 20 pH/conductivity met 
erT-aiJ££ft5o ±«WaMfcttWalkley-BlackjfeT?ft^*tLfc. ±*&«#*ffi 
^C0<t5l-tT^tlS : */Ll. 0 g ©^MMJixfc±S# 2 0 m L ©r 7 n y 
(SftiSflO EAffifl£Wf'ell£&*t, 1 0mLO»«»!jXflM)PS*T.fc o tW 
i&HaSjE-g-^ft, /V/*tV, 7 0 P S I t? 1 0#fflCEM MDS-2000-7-1' ? n £ 
*-7ieiWMi'*?AtrJBv v tlllfls*ftfc (CEM 1991) . WMMBtt^-fA'* 
-Six, lOOmLOiW^-etUclt, «WWK»«*ffc^»jJt^ 

Perkin Elmer SIMMA 6000 Simultaneous Multielement AA Spectrometer IC^tt 

TA-5 = 7A, RV^ry#y\*, »*tt^^9Xv^3ti«*fr (I PC) |C 
<fc o t fc£ £ ftfc. t *JWfe±*©fc * © r. ft 6 ±*#ttf** 2 |c»V > $ ft 

[*2] 



£2 7 □ 'J $r**»0a»-»*ffl*©±«»tt (mg/kg) 





pH 


OM 


Ai 


Ca 


Fe 


P 


K 


Mg 


As 


Cu 


Cr 


Mn 


Zn 




7.4- 
7.6 


0.5- 
0.8% 


1570- 
5920 


260- 
37000 


836- 
3670 


40- 
820 


30- 
300 


60- 
1240 


39- 
1603 


24- 
252 


50- 
84 


6- 
251 


8- 

208 




7.5 


0.65% 


3421 


6346 


1765 


193 


84 


241 


361 


138 


67 


45 


101 



[0 0 5 4] 

£ftWilley nill&flJVvCftSfsfciSftfc. *Al. O g©*t»W**L< ttfit* 



-22- 



®ffimtl&<&£tl6 a tfJftK&ttCEII MDS-2000W 9 n Js-^WWIWt 1 
#*40, 8 0, 20Ps if, 5, 8, RXfl OftfflmitZ 

fltz (CEM 1991) „ UWmmtZl 0 0 mL(Dftm\Z%>%l£^ Perkin Elmer SIM 
MA 6000 Simultaneous Multielement AA Spectrometer£rffll^fc^':7:7T'l' hp 

[0 0 5 5] 

E©ccA»8fcffl*J:91***nfc±«*lt*rfflv\ *ixttCCA«ite±*i: L 

iT©8I«K»liTmg/k g t Ut^S^JlS. 
[0 0 5 6] 

*afltOk»»SHt**»WB'J$ixfc. Pteris vittataOSttSfcjftlAfcL-C* 
0/</f^7i("t4 3 6 Omg/k g <7?fc ®tf3\zW&-t 5 - t ri 5 BEW £ft 
fc (03) o Brakei/^tt^tt:, & (13 8mg/kg) X^nA (6 7mg 
/kg) %W®L1ZlZttVft<*tlb2'O<0&mi<&W.+Z>t>K ^Wl/^lifc 

[*3] 



S3 CCA£$£J6,j:iJtttt 








t£ 


m 




^nithem Red PprW 


_lunineru& xilicnla 


a 1 




OR-? 1 


Sucarberrv 


Celtis laevigata 


5.2 


0.5-7.5 


0.4-3.3 


Mockemut Hickory 


Carva tomentosa 


9.9 


3.6-7.5 


0.7-6.3 


White Mulberrv 


Morus alba 


5.5 


4.5-15 


0.7-2.4 


Mimosa 


AWizia iulibrissin 


4.8 


4.5-7.3 


1.1-M 


Box-eider 


Acer neeundo 


9.2 


10-14 


0.9-1.9 


Poinsettia 


Poinsettia heteroDhvfla 


5.2 


4-9-J5 


0.3-3.1 


Common Ragweed 


Ambrosia artemissiiflora L. 


9.4 


13-26 


1.H.6 


Goldenrod 


Solidaza so. 


11.2 


12-17 


0.7-1.6 


Beeeartick 


Bidens alba L. 


8.0 


7.1-15 


0^.1 


prake Fem 


Pteris vittata 


4,360 


15-28 


1.7-2.3 



-23- 



[0 0 5 7] 

fcm, *>*W*tt:«, 3k XC«l©»»K:»rt6^ WiELfc^ffi-C^fli (dige 

St) 

[0 0 5 8] 
[*4] 



*4 />. viwota [C«lt«mMVttM<D (ng/kg> 

J^'/av kMMfl its 

I « 1152-3103 1758 

I £ 383-2800 1824 

I 31 (leaf) 902-7526 4359 

II X (frond) 3480-14540 9168 



[0 0 5 9] 

SL 2, aOWfc*»****I.*0©¥*ttMr*, 1 7 5 8, 1 8 2 4, IkXf 
43 5 9mg/k gT*fcofc„ 
[0 0 6 0] 

fgT*fo'9»ffl^)*?r*-r5e»-efe'5o P. vittatatt, i77!)*, Tv?7\ 0 
rco«tt, 7n9/, 77^, XV/W^T-^#HK:«V^-C»B$ti"CV^6. - 
©±»^ffi-C, i*Jt#*T*SSItttt«V^"Cfe*-fSri:^ff*U>. P. vit 

U^iSnS^tV^aSI*, 5~3 0cm©fiJ«li (stipe) Srfflx.fc3 



-24- 



6~9 0 cm©ft$fc£*-r5* (frond) «rW*f33tU^*«>*±©'<-f 
i$W362fctf£©gaU 8 2 4&T/4 3 5 9mg/k g"?fc5, 04#f$) i:VNp 
t S?»«as, 3 2 <&£ t < «fc 9 V* r t #$W»o 

[006 1] 

^|fe$ttfcffl^lWftattTV^^ffliftB:»tt^fciKaPaW[» (P. v 
ittata) (P^r&btt 

*5-8fc»VvC**ft*J:3fc* fc**r»8l1-<5^^** (P. vittata) tt 

-So 

[^5] 



*5 CAA^SS5l«!-e±»t*yy*i«!l*0)t*igg(mg/kg) 





















X 


« 




±* 


St 


« 




2 


902 


2474 


2800 


18.8 


48 


132 


149 


3 


1605 


H52 


1 387 


104 


15 


11 


13 


5 


4S48 


3103 


2745 


66. 1 


69 


47 


42 


6 


3186 


1851 


2222 


1603 


2 


1 


1 


7 


3810 


2576 


1998 


954 


4 


3 


2 


8 


6236 


1299 


383 


62.4 


100 


21 


6 


9 


7060 


1607 


1909 


308 


23 


5 


6 


10 


7526 




1152 


38.9 


193 




30 




4359 


1758 


1824 


394 


11 


4 


5 



me] 



m 8jara^o)CAAx tfAiwtcjsjfe $ tifc±«-e«) ^y*** ro t (mgAg) 





±tgCDfcf$tgg(mg/kg) 




29 


63 


83 




HB±« (-6) 




755 


438 


539 




CCA ±« (-400) 




3,525 


6,805 


5,519 




50 




5,131 


3,215 


4,120 




500 




7,849 


21,290 


13,961 




1500 




15,861 


22,630 










23 


63 




83 




CCA±« 


489 


361 




272 


44.4 


50 


48.1 


24.1 




29.9 


10 ft 

io.U 


500 


519 


317 




218 


58.0 


1500 


1932 


657 




258 


86.6 


[*8] 














iGng/kg) 
















M (frond) 


±* 




M (frond) 




1 


64 


0.47 




136 




2 


11.8 


3.65 




3 




3 


13.28 


1.68 




8 




4 


42.1 


2.37 




18 




5 


38.4 


2.84 




14 




6 


16.2 


7.56 




2 




7 


45.1 


2.95 




15 




8 


33.8 


0.84 




40 





[0 0 6 2] 
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500mg/k g©2O©AXW*^Sfe±*l--C*WeFttfe 0 ^.hWytfmm 
14, Brake5/^«:»V^"C«**±*©aSi»J:0J»AS*b, ^ftf42fc* <£>J3f5S^ 

U t 8®o£Wom0'lx£*i<fc« PtffttHttSJi, iSffcSih, 
. ffi&Lfci 5Kft¥W£ftfc. ttJRHJtQJtimi OlC^dHTV^. *:<Dfc<D 

ttLgMtftr?fc*0£tf, P- vittBtaStt»*Wt?*v^i*sWfe*»T?*>*. - 
or 1 14, PterisJRjJS fc *J9Sk±« J: 9 t - 1 »^t<t 9 3b«tt 

[*9] 



I $9 CAA(As=24&ngAg)St;2<rWroAXfl«)^§fe±l|5l-teL>T±ff-r* 





^« 




I AW45 


As=50 


As=*500 


wkO 


| wk2 


wk4 


wkg 


wk2 


wk4 


wkS 


wk2 


wk4 


wk8 


Mayii 


Ptcris mayyii 


0.54 


270 


2165 


1268 


3338 


3802 


2305 


6617 




440S 


Parkerii 


parkerii 


I.IO 


86 


2213 


1114 


2201 


5626 


3847 


4995 




2448 


Albo-lincata 


Ptcris Albo-lincata 


0.64 


61 


1355 


2046 


1542 


1248 


2036 


2919 




1445 | 


Boston 


Nephrolepis exaltata 


0.46 


9 


33 


28 


22 




85 


3735 




948 | 


Autumn 


Dryoptcris erythrosora 


0.36 


19 


18 


20 


165 




,54 


1696 




4767 | 



[SIO] 



*10 mffl&* CAA(As=245mgAg)&i;AXW^gfe±ljlT-tWrS 






fc5H&&(nig/kg) 


Control 


As=245 


As=50 


Brake 


. 

P. Vittata 


1.12 


465 


71.9 


Mayii 


P. Mayii 


0.81 


300 


594 I 


Maidenhair 


Adiantum raddianum 


0.22 


46.6 


109 1 


aiiver JJoJiar 


Adiantum penivianum 


0.26 


34.4 


63.9 


Mahogany 


Didymochlacna truncatula 


n to 


17.6 


64.7 


Shield 


Orvorjterts dilatata recurvata 


0.05 


20.4 


40.4 


J. Holly 


Cyrtomium falcatum 


0.11 


20.1 


40.1 


Asparagus 


Asparagus setaceus 


0.06 


15.4 


2.33 


Sword 


Nephrolepis Cordifolia 


0.07 


7.53 


16.5 


Leatherleaf 


Rumohra adiantiformis 


0.27 


5.57 


11.3 


Bird's nest 


Asplenium nidus 


0.03 


2.47 


2.65 j 


Foxtail 


Asparagus densiflorus 


0.16 


0.12 


0.02 ] 


Bracken 


Pteridium aquiiinum 


0.86 


3.41 




Black stem 


Asplenium resiliens 


0.56 


11.7 | 



[0 0 6 3] 

we at£&txmB!±mi g tmzm m< Brake 'sMtmonim. 

JlfeSffiftKJ: 9©fc *-Ci5SS*nfc±**»6 1 XtrJBL *)»<?. vittataWW 

!)y^ (mine tailing) ^Ufc^Sfe, fc$&\ Xtf^i/WHRE (cattle dip v 
et) fcfrtr^rfl5«*Ot#»afct«J:9 fc*Mfc 9 

[0 0 6 4] 

boJfi±o^'f^^'f-e, :£iiW::«£$ftfc*wife©te&i::*5tt.3 5 p P m 

<fct>V>&V\ 2 0. 5^5)3 6 5mg/k gOf U^i©t|?rSauf fc: 
[0 0 6 5] 

■f a. «»©^tt«»ccAS!feffli6av7n ym«* 

Lfc«5Rtt*r*rU-C^;fc. W6 (*11) Kan^ffl^bftfcBrakeS^fcfofi 

, «5 (*io) wts«t5icjia^J;t)^©is«^-c«*$Hfcfcw-e*)5 



-28- 



tv(75mg/kg:tll) iHJ:t)#<©tS (3 5 25mg/kg :S 

nKH^?.t^5fiiciiiiE$H5<t5ic (*9) ^mnxhx^\ 

[0 0 6 6] 

ffi^Sr^C^-frSri least LTlS#fcV\ «Eia.fc 9#i>t 

^-*x-*m$fttz, «?6 (Km±&m, 6^~8^) Rvmn 

filc>b*fc:l§BL5 3o i<oi5*i^ S*iJiT^hJ;lfottfcCCA±l 









mm 


NB-S1 


ISUjtfl5(Mine tai I ing) 


>500 


184 


NB-S2 


fitlUJtSCMine tai I ing) 


>500 


365 


NB-C3 


aSUif§5(Mine tailing) 


>500 


192 J 


NB-C5 


SKlljjt5(Mine tai ling) 


>500 


325 


FP-U1 




50 


100 


| FP-U2 


Pb-tJfttg/£«}@ 


50 


76.9 


CCA 




300 


75.0 


Dudley Jgi§ 




50 


20.5 


mi 


m<D±® 


6.8 | 


0.57 



[0 0 6 7] 
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fcV^ m* OK, «*ro±iIE> &ttf¥£XiR (screened) *K*£tf 

<, ttitta^ow^s-eswsnfcfcw-esfcws-i 1 »io-is) s 

[*1 2] 



ai2 sbirksu. 


£ it « t: MM 














150 


47.5 


1 tn 




15 


30.4 






I 1 


25.3 


fci«<-rio% 




1,000 


76.0 j 




CCA5BSffl« J 


10,000 


163 | 


RelCo 




1 


2.73 


C&D 


C&DiiBE 


1 


1.35 


RSM I 




1 


0.29 


! ns 


m<D±m 


0.8 ] 0.57 I 



[0 0 6 8] 

, l*>e> 1 0 Omg/k g©tt©t*jM*tf^SHoagland*#jgiK (25%© 
pH=7. 5, 30(DmS!) 2 0 0mLi*C««i:»*jlft. 2 0BM 

[0 0 6 9] 

BrakeS^ttfeas, SlfiK L-T lHlOOpp m©fc <b*Jgifr&» 
*tt»£©***rttbl.»51 0 Omg/k g©t 5©** 
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* " " * z<nm±.<Ds<.<i*i'Mz±m.<n\im (2 7 0 0mg/kg£-e) fcBSrta, % 

if©fSSfe**xfc±*fc»tt3fc*»#HU *»»«fKa3tt5 l O Omg/k g£ 

ft/h©gg»& (ar) #>3 o^;I©i^wfe©^fi±©^^**^-:ftSi- 
f&Tfcofc. U5»U ARttbiSV"</P*Sl 1 0 Omg/k g ~t*#flQl-3 

[*1 3] 



£13 W100mgAgO)t:*^t*JgJa<fcy(OBrakei/yiS^irJ:«,tmS« 



(mg/kg) 


<0 1 m l"*^ (mg/kg) 






J6± 


4B 




»6± 


« 


■ 


118 


22.0 


5.4 


105 


20 


10 


651 


222 


2.9 


70 


24 


50 


2,424 


480 


5.1 


53 


10 


100 


2,715 


602 


4.5 


30 


6.5 



[0 0 7 0] 

Brakef ^ffi&tfS, fcJH '•T 1 0 Omg/k g *-?©fc 3?tCftx.#5 

r tj^W64»K$ilfc. £©**»5 0d»b 5 0 Omg/k gWtMfcW-fSAI 

«i*^ste±*it«v^-c**© t mm&z&fe-tZo ^«»« 1 . 5kg© 
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[00 7 1] 

ffiSiOtMIf U mz*<Di&±<D'U**?X (1 0 5 3 6mg/k gtt 

^6 5 0 Omg/k g^tifAn-fSKoft, t ^Sffl^ 5 6 4 *>b 2 l^-tM 

ft* K-f S r £ IC ± 0»*«n?ifeofc o 
[*1 4] 



ft14 12ftn, AxWI->§*$Hfc±«-e±W$1i-/-=^a)Brakei/^«j4'<Dt^gS 




fcJUSS (mg/kg) 


mma. j 


! mg/kg 




«s± 


« 


*± 


mm (i) 


1.0 


4.2 


1.0 


4.2 


50 


131 


3,207 


2.6 


64 


100 


379 


6,013 


3.8 


60 


200 


990 


7,379 , 


5.0 


37 


500 


2,318 


10,536 


4.6 


21 



[0 0 7 2J 



Brake v^ffi^tH* 4 y-* <t 0 $ ^fc±*/5^ t * £g« U# 5 £ t 

3*>^**tt:l. 5kg©±*fc3tft*fclHS$ft (40) , 1 saiffl^ft** 
fcft EMS S MBS co^ftT- 1 *ftMff $ ftfc. 
[0 0 7 3] 

* (ftttt:*) &r/gi& (*r«t*f) -cfflv^&iifcaffoftSlftifSr^tpJIfto 



-32- 



atWS*T?*>9. Al-AsXtWe-As©^*^iaU-CB:StS8*W't?*/i»ofc <> Z<D 
Zt\t, Ca-As, Na-As, ftl*K-As*fc«LTJ:0«V«*flncB«L#5. 
[$15] 



£15 189m. Alttft»jft±«(A8=50»e/kB)-e±fi**fca«>Brake^y**ba)tKiME 




fciKSS (mg/kg) ] 


\ WWt 


| « 




m 




Control (1) 


3.35 


4.39 


3.35 


4.39 


Ca-As (V) 


190 


2618 


j 3.8 


52 


Ca-MMA 


| 180 


2212 


3.6 


44 


Na-MMA 


213 


1771 


4.3 


35 


Na-As (III) 


390 


1865 


7.8 


37 


K-As (V) 


373 


1708 


7.5 


34 


Na-As (V) 


211 


1665 


4.2 


33 J 


Al-As (V) 


178 


315 


3.6 


6.3 


Fe-As (V) 


57.6 


136 


1.2 


2.7 



[0 0 7 4] 

9M.TP*m#. CCAl5ft±i (As = 97. 7mg/k gl pH=7. 9 

ffi^ft (40) > 2 09lJi*54W«>!tEWJl*n, B4©*jS-Ct3HSrHWfS*i, 
[0 0 7 5] 

* 6 co-r-* t 9 , Brake^ymmt 2 9M<ow t t i/^sw t m& 
SMX*1\ ^©rtJia^j&g io^~2^) xt££v*« (a* 

U>*<0b*^89*t?lC»lDl$n, -ttUiiK LT 6 0 0 Omg/k g-efo 
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±*t»tt5* (9 7. 9mg/kg) ©6 pfSBLh-Cifcofc. ftiCft^b 
[0 0 7 6] 

m 1 2 Braked ^ffltofc J: 5 C C A?§^±% J: t><PD VWga 
^«>»Wfi, CCAfgftffi»J:9tM!i*^y>'^B8L-CllW4*i*:. t*<0 
*8HCSPX.T, Brake^«*l4*fc*l 6i>6l 7{C*£tvS £ 5 KCCAJ9 

[0 0 7 7] 

[«1 6] 



»i6 ccAffljte^ijg). ±«at;'>yafticfett^ i ;>sa(iiiE/kg) 







•J >mR 












H(leaf) 


tt 


£ 


±* 


g(leaf) 


tt 


£ 


2 


2,340 


920 


745 


60 


39 


15 


12 


3 


2,180 


1,980 


1,880 


40 


55 


50 


47 


5 


2,400 


2,990 


2,810 


80 


30 


37 


35 


6 


2,220 


570 


220 


180 


12 


3 


1 


7 


2,170 


1,400 


2,590 


130 


17 


11 


20 


8 


U40 


675 


2,610 


80 


17 


8 


33 


9 


2,180 


1,920 


220 


155 


14 


12 


14 


10 


2,900 




3,220 


820 


4 




4 



[*1 7] 



« l*_ 



jx. i / t yiiiaiQ u 


JslTOflMlSlaliUll- 












I /ftp mtSl 




570-2990 


1307 


7 




220-2810 


1631 


8 


a (leaf) 


1340-2400 


1851 


10 






193 




[0 0 7 8] 









[015] *%BU0?t)fifl 1 1 OJ«*WHIICStr « t miO^?7f 



[121 A] 




JfeftBSMGI) 
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0 2 4 6 8 10 12 14 16 18 20 

±&&® gi) 
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mm] ¥$1 3¥7A 2 2 0 (2001. 7. 22) 
1 ] 

MtiEJMfe] £3E 
2] 

[*tiE*ffc«g*] 93*11* 

[MIEcd (*)<§] 

[M**l] i§SfeSftfc±*4Mt±3re»Kfrtt9l&<fc«>©^n-fe* 
tfcot, ^IB^n-fe^^, 

(tJl2±^^lK±"CPteri<laceae x Adiantaceae^ Aspleniaceae* Dryopteridacea 
e x XttOleandxaceactr^tf-WJ: 5»R*ilfc'>^*1fc4:^ft**5jSa*^ 



-37- 



[»*«10] t^s, Sili^iatlOOmg/kgi^ 
V ^*-C WISS^ * (C 3 i <t £ 1 1" 3 2 {CfEfJco 7* n i? * 0 

[flf#Jll 1] t*«s % ftjlSfit^-^l-LT 1 OOOmg/kg±!) 
#v^*t?iWBK*f KWBW* - £ 1 0 fcflEfc©^*;*., 

[ffsftJil 2] t^S, $£<Sa*-<-^(-LTl OOOOmg/kgi 

o 

[S*«13] Met***, iW1BtJH*»9l8»*»n'5lWB*lt'P©lWe 
#®i1-5»#>f 2lc!E«<D:/n-fe* 0 



-38- 



> 

©*WBfcJMME©4>*< it 1 0 0m-C&5^tS:#«t1-5iS**l 3tcfE*fe 

5 m g / k g X 9 *# t trtimt 2 l:E«©^ n-fc*. 

5 0mg/k g J:9**v^t*W»fc1-*il**l 7lcfE«tf>7'nir*. 

l o Omg/k g ,k9*t v>rtSri|$«i-t-5S**i 7WE«M>:/n-fc*. 

[tt*4 2 0] MCt *#« 9 |!*:MiS«nE4Mt'1'0MfB t 
4>ft< it>5 0 Omg/k gT?fc3££&#*£-*-5i»#*l 7lcE«<07'n-fe 

[W*JS2 1] WEt*^|fc9Bfe*»ft5l)W^K«t'©««Et*ji«*s. 
1 OOOmg/kg i9**V^fctWHfci-6IIWWl 8fcE*0>7n-fc* o 
[fS*JS2 2] KKi»e^y««o**< it>-ft#«fc9^&fC£I&9 

fri&m* e * a -# J: 9 «r * n 6 r t "f * «*« 1 £B«© ^Dt^ 

o 

[»*3B2 3] «rBV^*»©«nE-»»iiS, * (leaf) . S, $ (fr 
ond) . Rt«*»b48-WJ:9«R*n«ii:«r»«i:1-*»*fll2 2tc|2* 

[11**2 4] «!Bvy**©llWa-«BJ^*SllMB3ll (fronds) "CfeSr 
t *<®W t T 5 5**1 2 3 K E^roy n ir 

[M*«2 5] IdiE^^ttife^Pteridaceaeff-e&Sr. i 5 

[ff*S2 6 ] glE->^**#Adiantaceaeft-e*>5 r t fc"f 5 

III** 2 7 ] flE^ytt^* 5 Adiantum raddianumffeS r £ 5r#jti: 



-39- 



" D3»*«2 8] WIEVyffi«5^PterisJS-CfeSrtS:#«t-t-5ii*« 
2 5(c|SigW7'p-fe^„ 

[»*«2 9] HBBS/^WW^Pteris mayiiffeS £ i 
*«2 8(C|E«W^D-fe^o 

lS#>i3 0] «flB5/^«*!4*Pteris parkerii-CfcS £ 1 Sr'KMKi't 

3 1 ] MIE^ytt^^Pteris albo-lineata-pfeS CI t 

[fS#Jf3 2] IMES'^'flMfetfPteris vittataT?&5 r t &®&tTZ> 
fjt#Jl2 8fcB*W>:/n-1r;* 0 

[f*jjiJf3 3] flMB^n-fc^flSttffi (field) ^TMS^tlS £ k *KS 

[1M3 4] MIS:/ n-fc * #S*ff£Tfea £ ft 5 r t £1$® 1 1" S 

[»*JI3 6J tiMBttfft*6. 5 £>3*t^pH£;fr-r5i<t£#®i: 

[»#j[3 7] MGttff^7. 5,t(9^:#v>pHSrWt-2>c:iSri|#®ti: 

[»M3 8] fJIStiK^s. 5 ±D*tv^ P H«r#1-SrtSr«M»t 
1"5I»**3 6 (C|B«W^n-fe^ 0 

[1*54 0] MfE#fi£*m^ pHUS. #1)?^ a*, jy, x 
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m%&4 2] f!ie#U-h^, EDTA, DTP A> NT A, 
Jl4 3\ztdM<oyvt7-o 

-c, 

WfEiW^jft-kTPteridaceaev Adiantaceae> Aspleniaceae» Dryopteridacea 
e, Xli01eandraceacSr-^tf-»± 9^£;tofc^«**«*.»triia«r£* 

UlttEfSftK**, * (leaf) » ft % (frond) , &l*ft«rStr-ftt 

ti 5 Me ~> ^ « * © - §b k sai -r s r t >m t -t s -? v ± * . 

•5 r k Zft&b 1-5 4 6 {d|B«cD7'n 



6(II3±H<$jSt , f , "t\ Pteridaceae, Adiantaceae, Aspleniaceae x Dryopteridac 
eae, XiiOleandraceac^r^tf— l¥<t !) IK jl5 vyftiSrfiiM, ^E~> 

!fllE± i S c f , "C > Pteridaceae, Adiantaceae, Aspleniaceae N Dryopteridaceae 
, XHMleandraceac«r^tP-*J:9»«l*ix5^y«**r«?La*, ItlH^^ffi 
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